Weak inter-band coupling in Mg B2: a specific heat analysis 
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The superconducting state of Mg 10 B2 is investigated by specific heat measurements in detail. The 
specific heat in the normal state is analyzed using a recently developed computer code. This allows 
for an extraction of the electronic specific heat in the superconducting state with high accuracy and a 
fair determination of the main lattice features. One of the two investigated samples shows a hump in 
the specific heat at low temperatures within the superconducting state, accompanied by an unusual 
low value of the small gap, (0) = 1.32 meV, pointing to a very weak inter-band coupling. This 
sample allows for a detailed analysis of the contribution from the 7r-band to the electronic specific 
heat in the superconducting state. Therefore the usual analysis method is modified, to include the 
individual conservation of entropy of both bands. From analyzing the deviation function D (t) of 
MgB 2 , the theoretically predicted weak inter-band coupling scenario is confirmed. 

PACS numbers: 74.70.Ad, 74.25.Bt, 74.25. Kc 



I. INTRODUCTION 

The discovery! of the unexpected high T c w 39 K 
of MgB 2 was surprising for such a simple binary sys- 
tem and has motivated much experimental and theo- 
retical work in order to understand the physics behind 
this superconductor. It turned out that the electronic 
structure exhibits two bands crossing the Fermi level. 
However from the relatively small electronic density of 
states N (0) « 0.71 states/ (eV ■ unit-cell) at the Fermi 
level ) 2 i^i 4 iM one would not expect a notable T c . Nowa- 
days it is generally accepted that the high energy vibra- 
tions here play the crucial T0 \ e £&,£LliLlliH A closer ex- 
amination of the electronic structure revealed an almost 
decoupled state of the two prominent bands, with the n- 
band contributing ~ 57 % and the c-band ~ 43 % to the 
total density of states i 1 ^ 14 Considerable effort was done 
to quantify the role of these two bands for the supercon- 
ductivity from theory and experiment (for a review see 
Ref. 11^ . The specific heat of the superconducting state 
is usually analyzed in terms of a linear combination of 
two a-models, with one en ergy gap abov e and one be- 
low the BCS limit. Recently iDolgov et all compared this 
approach to a two-band Eliashberg approach and found 
it adequate particularly for the case of enhanced inter- 
band scattering^ The effect o f different inter-band scat- 
tering rates was analyzed by iNicol and CarbotteL like- 
wise based on two-band Eliashberg calculations. These 
authors predict the visibility of a jump at « 0.2T/T C , 
where the order parameter of the 7r-band is expected to 
change strongest^ 

In the present work we present the specific heat anal- 
ysis of a Mg 10 B2-sample, showing a small upturn in the 
same temperature region, indicating a reduced inter-band 
coupling compared to so far published data. A recently 
developed computer code for the analysis of lattice dy- 
namics from specific heat measurements in the normal 
state is used in order to extract the specific heat in the 
superconducting state with high accuracy. With respect 



to the relatively low inter-band coupling within MgB 2 a 
slightly different approach to the superconducting state is 
suggested. It involves one a-model to describe the jump 
height of the specific heat at T c using the condition of 
entropy-conservation between < T < T c . Consequently 
the remaining electronic specific heat in the supercon- 
ducting state can be ascribed to the phase-transition of 
the second band. 



II. EXPERIMENTAL 

Polycrystalline samples of Mg 10 B 2 have been prepared 
by solid-state reaction and a subsequent hot-pressure 
treatment. To prepare the sample, a mixture of Mg and 
10 B powder was pressed into a pellet, wrapped in Ta 
foil and sealed in a quartz ampoule containing an Ar 
atmosphere at 180 mbar. The sample was sintered for 2 
hours at 950 °C. In order to obtain samples with high T c - 
values additional 10 % B was used. To counter the high 
volatility of Mg, an additional small piece of pure Mg 
was placed in the ampoule. The hot-pressure treatment 
is necessary to reduce the porousness of the derived sam- 
ple. The obtained dense samples were characterized by 
x-ray diffractometry to estimate their quality. No second 
phase peaks occurred, indicating that even the contribu- 
tion of the usually forming MgO is negligible. The super- 
conducting transition temperature (onset) T c = 40.2 K 
measured by ac-susceptibility is in agreement with so far 
published values for Mg 10 B2piii£ The specific heat was 
measured in the temperature range of 0.3 < T < 200 K 
and in magnetic fields up to /JoH = 9 T using a Quantum 
Design Physical Property Measurement System. In the 
following analysis we denote the sample showing the low- 
temperature upturn with "A" and the piece not showing 
this anomaly with "B". 
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FIG. 1: Specific heat of Mg 10 B 2 . Solid line: model fit (see 
text for details). The superconducting transition is too small 
to be visible in this plot. Inset: relative difference between 
data and model (zero field data above T c and /j.qH — 9 T-data 
below T c ). The large deviation of « 10 % at low temperatures 
can be ascribed to the superconducting transition which is not 
fully suppressed at fioH = 9 T. 



III. RESULTS AND ANALYSIS 

The specific heat of MgB 2 was analyzed in several 
experimental works before. One crucial point in these 
analyses is the determination of the Sommerfeld param- 
eter, which is usually extracted by measuring the specific 
heat in magnetic fields, which destroy the superconduct- 
ing state. However, analyses based on this approach can 
result in difficulties concerning the conservation of en- 
tropy of the superconducting stated which is also visi- 
ble in other quantities like the deviation function^ It 
is unclear, if this is due to the experimental errorjI& 
remnants of the superconducting signature of the field- 
measurements^ or perhaps due to a field-dependent 
Schottky anomaly, which is reported for some samples 
including the present one. 

In order to minimize such uncertainties we decided to 
apply a new computer code to analyze the normal state 
of the specific heat in a larger temperature region. The 
main ideas of the code have been sketched in a previous 
workiSi A more detailed description will be published 
elsewhere. In summary our computer code makes use 
of a linear combination of the well known Einstein and 
Debye models for the specific heat in the normal state. 
The usual procedure in fitting specific heat data using 
this code is to vary the Sommerfeld parameter until the 
fit quality is optimized. 



A. Specific heat in the normal state 

The specific heat of the investigated Mg 10 B 2 sample 
A is shown in Fig. To extract the electronic specific 
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FIG. 2: Specific heat of Mg B2 at low temperatures. Solid 
line: Model of the normal state specific heat (see text for 
details). 



heat in the superconducting state, one has to determine 
the Sommerfeld parameter and the lattice part. For this 
purpose the zero-field data and fioH = 9 T data mea- 
sured down to T = 20 K were used. The application of 
the mentioned computer code indicated additional an- 
harmonic effects starting at T ss 250 K. Therefore the 
fitting temperature range of the computer code was re- 
stricted to 20 < T < 250 K. To increase the accuracy of 
the fit, the conservation of entropy of the superconduct- 
ing transition was used as an additional requirement for 
a successful fit. The Sommerfeld parameter was varied 
using a step-size of 0.005 mJ/ (molK 2 ) until the devia- 
tion between the data and the fitted curve was minimized 
and the entropy of the superconducting transition was 
conserved. At temperatures below ~ 4 K one has also 
to account for hyperfine structure contributions (22*22*21 
given by a Schottky model 

m _ Z J2 t L\ exp (Lj/T) - E< U exp (Lj/T)] 2 
Cs[1) - X {TZ f 

with partition function Z = J^i [ ex P {Li/T)\ , eigen- 
values Li — Ai/fca and concentration x of paramag- 
netic particles. The specific heat model is than given 
by c p (T) = 7N T + c latt i C e (T) + c s (T). The result of the 
fitting procedure is shown as black line in Fig. The in- 
set shows the difference between the data and the model, 
which is well below 1 % except for low temperatures, 
indicating that there the superconducting signature is 
not fully suppressed by the applied 9 T-field. Piece B 
shows nearly the same data-to-model-difference which is 
not shown here. 

Fig. shows the specific heat of sample A at H = 
and hqH = 9 T in the low temperature region. The 
very good agreement between the model and the field 
measurement is visible. The Sommerfeld parameter con- 
verged to 7n = 2.69 (1 ± 0.004) mJ/ (molK 2 ), agreeing 
well with published values of high quality samples, rang- 
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TABLE I: Phonon-related parameters as obtained from the 
normal state specific heat analysis. Numbering according to 
Fig. 01 
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phonon density of states from specific heat measurements 
independently. A similar agreement is found from com- 
paring the specific heat derived PDOS with the gener- 
alized density of states measured by neutron scattering 
experimentsi&Siii 



B. Specific heat in the superconducting state 
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FIG. 3: (Color online) Phonon density of states. Black line: 
result from the specific heat analysis. Dashed line: calculated 
PDOS taken from Ref. (scaled to the peak value of the 
present result). Numberings according to Tab. 



ing from 7n » 2.5 - 2.7 mJ/ (molK 2 ) . 19 i 22 i 23 i 24 

Using the bare electron parameter 70 = 
7r 2 fc|iV(0)/3 = 1.67 mJ/ (molK 2 ), the mean electron- 
phonon coupling constant can be calculated from the 
mass enhancement relation 



7n = 7o (l + A ph ) 



(1) 



as Aph ~ 0.61. The mean electron-phonon coupling con- 
stant is related to the partial coupling constants in the 
a- and 7r-band by 



A 



P h 



A 



ph,cr 



7o, 



H Aph l7 r ■ \£) 



7o 



7o 



From fitting the Schottky contribution c s (T) a concen- 
tration of x = 4.25 x 10~ 4 mol of paramagnetic par- 
ticles with two energy levels, Ai « 0.014 meV and 
A 2 ~ 0.453 meV is estimated, probably due to small 
amounts of Fe- impurities However a quantitative 
analysis of the energy levels requires measurements below 
T w 0.3 K, where the normal state contributions vanish. 

The derived phonon-related parameters are summa- 
rized in Tab. Q] The resulting phonon density of states 
(PDOS) of sample A is shown in Fig. 03 in compari- 
son with a calculated PDOS taken from Ref. S The 
nice agreement, in particular of the prominent modes at 
« 30 meV and « 85 meV (-E^g) shows, that our com- 
puter code is able to extract the main features of the 



Fig. Q] shows the specific heat below T — 43 K af- 
ter subtraction of the normal state contribution for the 
two investigated samples A and B. The idealized specific 
heat jump of Ac = 103.35 mJ/ (molK) for sample A is 
in the range of reported values, ranging from Ac = 81 
(Ref. Hi) to 133 mJ/ (molK)^ The local maximum at 
T « 9 K found for piece A has not been reported before. 
The measurement was repeated on that piece and the 
small hump is found to be reproduceable. Piece B from 
the same initial sample does not show this hump, but a 
much more broadened feature (open circles) . Most prob- 
ably the observed hump is related to a relatively weak 
coupling between the two bands (a more detailed anal- 
ysis including magnetic field dependence is presented in 
section llll Cj) . 16 i 25 In view of the two-band properties of 
MgB 2 it is more illustrative to continue the analysis of 
piece A. 

Assuming a very weak inter-band coupling, the jump 
at T c is nearly completely due to the cr-band which is re- 
sponsible for the large T c . Consequently one a- model was 
used to fit the jump at T c r7 — 39.0 K using an entropy- 
conserving condition. This unambiguously results in a 
Sommerfeld parameter tn, ct ~ 1-44 mJ/ (molK 2 ) of the 
cr-band, avoiding any uncertainty in the correct par- 
titioning of the Sommerfeld parameter under the two 
bands (see Ref. [2fJ for a short summary). The gap 
ratio amounts 2A a (0) / (kBT c . a ) — 3.98, resulting in 
A CT (0) = 6.70 meV. 

Fig. shows the entropy difference of the electrons 
between the normal and the superconducting state. The 
solid line represents the entropy difference of the ex- 
perimental data, agreeing well with results obtained by 
I Yang et aliB ^ The dashed line is the entropy difference 
of the fitted a-model and the dotted line corresponds to 
the residual entropy difference which can be attributed 
to the 7r-band. The superconducting transition of the ir- 
electrons is strongly smeared due to the inter-band cou- 
pling, but the main part of the 7r-electrons seems to be- 
come superconducting at T c w9K, otherwise the mini- 
mum in the entropy difference (dotted line) would be ex- 
pected at higher temperatures. This interpretation does 
not mean that the gap of the 7r-band also opens at T*. 
In fact, any strength of inter-band coupling results in one 
single critical temperature T C (T for both gaps. However 
the order parameter of the 7r-band is expected to show 
its strongest change around T**& 

Fig. shows the specific heat Ac* /T in the supercon- 
ducting state of sample A (filled circles) after subtraction 
of the cr-band contribution given by the a- model (see Fig. 
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(Color online) Electronic specific heat Ac/T of 
10 B2 in the superconducting state. Symbols: data of piece 
A. Broad line: data of piece B. Solid line marked with "a- 
model-1": a-model fitted to the jump of piece A satisfying 
the condition of entropy-conservation. 
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FIG. 5: Entropy difference between the normal and super- 
conducting state of sample A. Solid line: entropy difference 
determined from the electronic specific heat. Dashed line: en- 
tropy difference of the fitted a-model. Dotted line: residual 
entropy difference. 



QJ. The Sommerfeld parameter of the 7r-band amounts 
7n,tt = 7n — Tn.ct = 1-25 mJ/ (molK 2 ). The small de- 
viations for T < 2 K can be attributed to the inexact 
knowledge of the Schottky contribution, which should be 
determined at much lower temperatures. However the 
accuracy is sufficient for the present analysis. A second 
a-model was applied to the remaining specific heat, us- 
ing T* w 9 K. Since the superconducting transition of 
the 7r-electrons is strongly smeared (up to T c , a ), reliable 
results on the energy gap can be derived only from the 
low temperature tail. Using 7n = 7n,tt and T* — 8.7 K 
the solid line shown in Fig. (marked by "a- model- 2") is 
derived. The resulting gap amounts A w (0) = 1.32 meV 
with the BCS gap ratio 2A T (0) / (k B T*) = 3.52. This 
value is much smaller than reported from other specific 



TABLE II: Gap values obtained from the a-model for the two 
investigated samples. 



Sample 


A CT [meV] 


A w [meV] 




t; [k] 


A 


6.70 


1.32 


38.9 


8.7 


B 


6.38 


1.76 


38.9 


11.5 



o 



1- 



< 



-1- 



/a-model-2 






/ " 






/ / 

If 8 


• piece A 
piece B 





10 15 20 25 30 35 
Temperature [ K ] 



FIG. 6: (Color online) Electronic specific heat in the super- 
conducting state which can be attributed to the 7r-electrons. 
The normal state and the contribution of the cr-band de- 
scribed by the a-model fitted to the jump have been sub- 
tracted. Filled circles: sample A. Open circles: sample B. 
Solid line marked by "a-model-2": a-model fitted to the low- 
temperature part of the small hump of piece A satisfying the 
condition of entropy-conservation. 



heat analyses, which gave A^ (0) = 1.7- 2.2 meV i 1 ^ 22 ^ 4 
It is interesting to compare the small gap of sample A 
with that of sample B. The open circles in Fig. El show 
the remaining specific heat of sample B after subtracting 
an a-model, fitted in a similar way to the jump height (re- 
sulting in A (j (0) =6.38 meV for the larger gap). A fit of 
another a-model to the low-temperature part of Ac* /T 
(not shown here) as it was done for sample A, results in 
Ajr (0) = 1.76 meV for the small gap. A successful fit also 
requires a larger T* = 11.5 K for this samp le, comparable 
to T* w 1 1 K reported by iBouauet et The smaller 
gap found for the 7r-band of sample A supports the sce- 
nario of a reduced inter-band coupling in this sampled 
The gap parameters are summarized in Tab. [H] 

In Fig. the electronic specific heat of the a- and 
the 7r-band in the superconducting state are compared. 
The left panel shows the specific heat data normalized 
on T c a and 7n i( t of the cr-band. The right panel shows 
the remaining electronic specific heat as given in Fig. H3 
(plus 7n,tt) normalized on T* and 7n,tt of the 7r-band. 
The deviation for T*/T > 4.5 between the data and the 
corresponding a-model is due the mentioned uncertainty 
of the Schottky contribution (see also Fig. EJ. 
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FIG. 7: (Color online) Normalized electronic specific heat of 
sample A. Left panel: experimental electronic specific heat 
of the superconducting state. Solid line: a-model according 
to Fig. 0] Right panel: remaining electronic specific heat 
attributed to the 7r-band, normalized on T* = 8.7 K. Solid 
line: a-model according to Fig. H3 
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FIG. 8: (Color online) Specific heat c p /T in different applied 
magnetic fields as labeled. The vicinity of the upturn observed 
in the zero-field measurement is marked by the shaded area. 



IV. DISCUSSION 



Field-dependence of the specific heat below 
15 K 



In order to clarify the nature of the hump found in 
the electronic specific heat in the superconducting state 
near 8 K, specific heat measurements in applied magnetic 
fields between [IqH — 0.1 and 9.0 T have been performed. 
The resulting specific-heat-to-temperature-ratio is shown 
in Fig. |H1 The shaded area marks the temperature re- 
gion of the anomaly for the zero-field measurement as 
shown in Fig. Two properties of the anomaly can 
be derived from these measurements. First, the position 
of the anomaly is more or less unchanged. Second, the 
anomaly is flattened out with increasing magnetic field, 
accompanied by an increase of the specific heat at low 
temperatures. The anomaly vanishes at approximately 
9 T, where the superconducting signal of the specific 
heat is very hard to separate, indicating that the origin 
of the anomaly is connected to the superconductivity of 
Mg 10 B 2 . Comparing the hump qualitatively w ith recent 
calculations performed bv lNicol and CarbotteU ^ it seems 
that the inter-band coupling in our sample is reduced by 
~ 30 — 50 % compared to previously reported samples 
(see section IWl for a detailed analysis). The inter-band 
coupling can therefore be expected to be in the order 
of ~ 0.2. Com parin g the specific heat measurements of 
i Boumiet et alJ 3& and IWang et all ^i as was done in Ref. 
1261 it is obvious that it is possible to vary the inter-band 
coupling, probably by means of the preparation tech- 
nique. In particular th e low temperature anomaly in the 
data of Bouaue^^^yis much more pronounced than in 
the data of lWang et all but there is no upturn visible as 
in our sample (A). 



Both gap values for sample A, A CT (0) = 6.70 meV and 
A*- (0) = 1.32 meV are in the lower region of the ex- 
pected values for MgB 2 e^ In general, specific heat mea- 
surements are expected to result in averaged gap values, 
resulting from the two bands. On the other hand, trans- 
port measurements like point-contact spectroscopy mea- 
surements are also influenced by the Fermi velocity dis- 
tribution of the charge carriers of the individual bands, 
usually resulting in gap values from the faster charge car- 
riers of the two bands. A comparison with calculations by 
I Choi et alt ^i shows that the present gap values represent 
the lower end of the calculated gap distribution. 

Additional information on the electron-phonon cou- 
pling can be derived by comparing the resulting ther- 
modynamic quantities with band-structure results. For 
this purpose we make us e of a strong coupling correction 
term given bv lCarhottel ^ 



= 1.43 1 



53 x 
— T In — 



with x = u>i n /T c . Analyzing the jump with T c a and 
7n,ct in this manner, the characteristic phonon frequency 
amounts to w\-n.„ = 712 K. U sing the McMillan formula 
(refined bv lAllen and Dvnelfe ): 



T 



Win 

1.2 



exp 



1 + A 



P h 



A p h - M* (1 + 0.6A ph ) 



(3) 



with the Coulomb pseudopotential fi* = 0.10, one finds 
Aph.a = 0.82. With 7n, ct = 1.44 mJ/ (molK 2 ) one 
gets 7o, CT = 0.79 mJ/ (molK 2 ) for the bare electron pa- 
rameter of the er-band. With 70 = 1.67 mJ/ (molK 2 ), 
the bare electron parameter for the 7r-band amounts to 
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TABLE III: Parameters characterizing the electron-phonon 
coupling. The first two columns contain calculated values^. 
The characteristic phonon frequencies have been calculated 
by integrating the corresponding Eliashberg functions in Ref. 
123 . T c was calculated using Eq. 101 with fi* = 0.1 (thereby 
ignoring all inter-band effects). The next two columns show 
the present experimental results for sample A. 
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7o, 7r = 7o — 70, a = 0.88 mJ/ (molK 2 ). The electron- 
phonon coupling within the 7r-band can then be esti- 
mated from the mass enhancement (Eq. Q as A p h,7r = 
7N,7r/7o,7r — 1 = 0.42. The corresponding characteris- 
tic phonon frequency determined from Eq. 10 amounts 
to wjn.Tr = 1270 K. It can only be guessed whether this 
rather large value is related to the mentioned anharmonic 
effects seen in the specific heat at large temperatures or 
inaccuracies of the band structure calculations. From 
this analysis the cr-band contributes with « 47 % and 
the 7r-band with « 53 % to the total density of states. 
Setting the derived parameters in Eq. (2J, one confirms 
the value of A p h = 0.61. The obtained results are sum- 
marized in Tab. Illll in comparison with calculated values 
derived by analyzing theoretical Eliashberg functions^ 
A nice check of the obtained parameters can be per- 
formed by analyzing the deviation function D (t) given 
by (see for example Ref. Efflh : 



D(t) 



Hc(T) 
ffa(0) 



with t = T/T c (in the following T c = T c )CT is used). It 
gives the deviation from the two-fluid model of the su- 
perconducting state, thus revealing important informa- 
tion on the superconducting state. Fig. EI a) shows that 
D (t) of Mg 10 B 2 (sample A) closely resembles the BCS 
prediction, in particular near T c . However, there are 
some deviations from this behavior. First the minimum 
is shifted to lower temperatures and second, the behavior 
for T — > strongly deviates from the BCS prediction. 

Based on the weak-coupling two- band equations de- 
rived by lMoskalenko~and Palistrflnji and by analyzing 
numerical data given in Ref. |2Jj we derived an analytical 
expression for D (t) , describing deviations due to two- 
band influences. Within the BCS theory the dependence 
of the thermodynamic critical field for T — > is given by 



H C {T) 



H c (0) 



1 - 2.12/3 



(4) 



with /? w 1. In the case of increasing electron-phonon 
coupling (3 is decreasing but it is increasing again in the 
case of two-band influence with different gaps in both 



bands. In this case [3 can be expressed as 
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Eq. corresponds to the BCS limit for the weak- 
coupling single-band case an d reproduc es the strong cou- 
pling corrections reported hv lCa,rhottfl i2£ The agreement 
of Eq. (0 with the two-band Eliashberg theory was 
checked numer ically for the theoretical case given by 
iGolubov et al.L 22i where the deviation is found to be less 
than 4 Parameters obtained from these calculations 
are given in Tab. IIIII Using the above derived electron- 
phonon coupling quantities and T c = T CtlT , one derives 
(3 = 1.56. The dependence of D (t) at low temperatures 
is plotted in Fig. EIb), showing the very nice agreement 
of this analytical formula with the experimental devia- 
tion function. 

However, Fig. ^c) shows that the deviation function 
of the present sample A (filled circles) looks quite differ- 
en t from that of s ample B (open squares). For the data 
of iBouauet et alJ ^ a minimum value of w 5.5 % was 
determined^ similar to sample B, but sample A has a 
minimum value of only w 3.5 %. 

It is interesting to compare these data to Eliashberg- 
model calculations. INicol and Carbottel recently pub- 
lished such calculations where they varied the inter-band 
coupling, using the standard set of A CT7r = 0.213 and 
Atto- = 0.155 and a second set with halved inter-band 
A-values. Fig. UJc) shows the comparison between these 
calculations and our data. From that it can be concluded, 
that the inter-band coupling in sample A is reduced com- 
pared to that of sample B by approximately 30 %. 

Fig. shows a comparison between the electronic 
specific heat below T c f or the investigated t wo samples 
and the calculations bv INicol and Carbottel [which cor- 
respond to Fig. EUc)]. There is a qualitative agreement 
between the data sets and the calculations except for the 
vicinity of T c , where the calculations predict a reduc- 
tion of the normalized jump with decreasing inter-band 
coupling. In addition there is no increase of T c for the 
sample with the str onger inter-band coupling. However, 
INicol and Carhotte] showed that for some combinations 
of A W( j and A CTW , even a decrease of T c is possible^ There- 
fore it seems difficult to make predictions concerning T c 
or the jump. 

The question, why two samples of the same initial 
piece should have different values of the inter-band cou- 
pling constants is still unsolved. In the present case it 
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FIG. 9: (Color online) Experimental deviation function D (t) 
compared to model predictions, (a) and (b): D (t) of sample 
A compared to the BCS-model prediction. Dotted line in (b): 
Eq. jfjl with /3=1 (BCS case). Dash-dotted line in (b): 
Eq. Q with /3 recalculated according to Eq. 10, using the 
experimentally derived values, (c): Comparison of D (t) of 
both samples with Eliashberg-model calculations taken from 
Ref. ITfil Dashed line: calculation using "normal" inter-band 
coupling. Solid line: calculation with 50 % reduced inter-band 
coupling. 

is most probably related to different amounts of impuri- 
ties, which influence the inter-band coupling by local lat- 
tice distortions. These lattice distortions can modify the 
electron-phonon coupling. Therefore it is also difficult to 
draw conclusions from the Sommerfeld parameter, which 
is at the same time determined by the two intra-band 
and inter-band coupling constants. 

V. CONCLUSION 

In the present work we report the first detailed specific 
heat analysis of a MgB 2 -sample with a particularly low 
inter-band coupling. The observed low-temperature up- 
turn within the superconducting state is in accord with 
theoretical studies^ It is shown, that just by using re- 
sults of band-structure calculations, meaningful physi- 
cal quantities can be derived from specific heat measure- 
ments. The relatively low gap values, A a (0) = 6.38 meV 
and (0) = 1.76 meV of sample B, which represents a 
"standard" MgB 2 -sample, naturally emerge from the type 
of measurement. Transport measurements usually result 
in higher values of the gaps, indicating that the gap val- 



ues depend on the velocity of the charge carriers, again 
raising the question, if a gap distrib ution within the two 
bands as calculated by IChoi et all can become experi- 
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FIG. 10: (Color online) Electronic specific heat c^/^T 
of both samples c ompared to Eliashberg-calculations by 
iNicol and Carbottet — The dashed and solid lines correspond 
to the lines in Fig. O^c). 

mentally visible The resulting electron-phonon 
coupling constants for sample A show, that the cr-band 
couples stronger than the 7r-band, as expected, but still 
Mg 10 B 2 can be considered as a weak to medium coupling 
superconductor. Thus, the large characteristic phonon 
frequency is the main reason for the relatively large su- 
perconducting transition temperature, showing the cru- 
cial role of the i?2 g -mode. The obtained parameters for 
sample A were found to be in agreement with the low 
temperature behavior of the deviation function D(t). 
Comparing the deviation function and the electronic spe- 
cific heat of the sup erconducting state o f both samples 
with calculations bv lNicol and CarbotteL the scenario of 
a low inter-band coupling for the present sample A is 
supported. This is in particular agreeing well with the 
~ 30 % smaller gap within the 7r-band of that sample. 
This reduction was predicted theoretically in the case of a 
reduced inter-band coupling constant by « 30 %pi& How- 
ever sample B from the same initial piece does not show 
this peculiarity. At present it is still unclear, which pa- 
rameter in the sample preparation process controls the 
inter-band coupling. 
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